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Previewsnot observed in Ndufs-2-deficient cells.
The implication from these observations
was that hypoxia inhibits K+ channels
(the fundamental step in the membrane
hypothesis) via a complex I-dependent
mechanism that involves a rise of
ROS to modulate K+ channels, possibly
directly. This was further supported by
fluorescence imaging of reversible hypox-
ic rises of ROS in mitochondria of control
cells, while Ndufs-2 cells showed gener-
ally raised mitochondrial ROS levels but
no obvious hypoxic response.
Emerging from these data is the overall
proposal that hypoxia may slow type I cell
electron transport and cause reduced
quinone accumulation, leading to a highly
reduced state in complex I. In this state
(which may even reverse its activity)
ROS production and concomitant NADH
accumulation occurs rapidly and both
may contribute to inhibition of K+ chan-
nels. The process does not involve alter-
ations in ATP levels, which are maintained
via succinate/complex II.
This study will provoke excitement and
debate within and beyond the field of754 Cell Metabolism 22, November 3, 2015 ªchemoreception. It supports the once
controversial idea that ROS levels in-
crease rather than decrease during hyp-
oxia (Guzy and Schumacker, 2006). It
also places mitochondria as central
to O2 sensing, but not via reduced
ATP formation. It does not conflict with
the concept of a cytochrome oxidase
with unusual O2 affinity (Mills and Jo¨bsis,
1972); data have emerged supporting
this suggestion (Duchen and Biscoe,
1992;Buckler and Turner, 2013), but it re-
mains to be determined exactly how hyp-
oxia disrupts mitochondrial activity in
such a specialized way. However, what
we do know now, due to this multidisci-
plinary, comprehensive and compelling
study (Fernandez-Agu¨era et al., 2015) is
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Microbe communicationwith hostmammalian cells and external factors such as diet influences thismultifac-
eted ecosystem. A recent study shows that interactions between microbial genes and dietary elements are
dynamic processes that may help to characterize an organism’s niche and eventually its impact on the overall
community and host metabolism.Substantial evidence exists showing that
gut microbiota can be considered an
exteriorized organ involved in a myriad
of interactions with our body cells.
Mammalian gut microbiota is a dynamic
community that rapidly changes and
adapts to specific environmental shifts
such as diet (e.g., low-fat versus high-
fat) and therefore nutrient availability(Cani and Everard, 2015). However, mi-
crobial genetic determinants involved in
community assembly, resilience, and sta-
bility are poorly studied.
In a recent report in Science, Wu et al.
identified genetic factors determining
how gut microbiota may adapt to environ-
mental perturbation such as diet (Wu
et al., 2015). To address this, they devel-oped a new method able to monitor ge-
netic changes in the gut bacteria and
reveal the selective pressure induced by
diet, by combining gnotobiotic animals,
dietary interventions, and mutant bacte-
rial strains.
The authors focused on a prominent
genus of the human gut of four
commonly found strains of Bacteroides
Figure 1. Overview of the Protocol
(A) Germ-free mice (without gut microbiota) have been colonized with 15 different strains: 11 wild-type
(WT) strains belonging to the Bacteroides genus (B. caccae, B. uniformis, B. vulgatus), Clostridium genus
(C. scindens, C. symbiosum, C. spiroforme), and other taxa (Eubacterium rectale, Parabacteroides dis-
tasonis, Dorea longicatena, Collinsella aerofaciens, Ruminococcus obeum), and four mutant strains of
Bacteroides (B. cellulosilyticus, B. ovatus, B. thetaiotaomicron VPI-5482, and B. thetaiotaomicron 7330).
Mice have been treated for 16 days with different type of diets: low-fat/high-plant polysaccharide (LF/HPP)
chow diet or a diet containing high-saturated fat/high-simple sugar (HF/HS). The timeline shows the
precise day of diet switch.
(B) Graphical representation of the evolution of the overall microbiota community, revealing the shift in
microbes according to the dietary intervention that is monotonous versus switch of diets.
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Previews(B. cellulosilyticus, B. ovatus, B. thetaio-
taomicron VPI-5482, and B. thetaiotaomi-
cron 7330). They generated libraries of
87,000–167,000 isogenic transposons of
the mutant strains. The four strains
possess at the genetic level numerous
genes involved in the recognition and
processing of non-digestible carbohy-
drates. In order to colonize germ-free
mice with a specific community, the au-
thors selected 11 wild-type bacterial spe-
cies that they considered as representing
the major phylogenetic lineage, although
this may be criticized, since among these
bacteria three belong to the Bacteroides
genus, three belong to the Clostridium
genus, and five to other taxa. The ratio-
nale for using these strains to mimic a
complex community was not clearly
explained. However, one may argue
that the two major phyla (Bacteroidetes
and Firmicutes) were represented,
whereas only one representative of the
Actinobacteria was included and none of
the Proteobacteria or the Verrucomicro-
bia phyla (Figure 1).
The aim was to examine the assembly
of this artificial community composedof 15 members and their response to
dietary perturbation and the recovery
(i.e., stability and resilience) both at the
community level and at the individual
strain/species level and genes. The
interesting strategy used by the team
was to compare the effect of two distinct
diets on the community: low-fat/high-
plant polysaccharide (LF/HPP) chow
diet or a high-saturated fat/high-simple
sugar (HF/HS) diet. A group of mice
was maintained on LF/HPP and another
on HF/HS diet for the duration of the
experiment (16 days). Two other groups
were fed diets oscillating during time;
the third group started on day 0 with a
LF/HPP diet, then switched at day 4 to
a HF/HS, to come back to the initial
diet LF/HPP at day 10, and the fourth
group started with a HF/HS diet,
switched to LF/HPP, and finally to HF/
HS (Figure 1).
Following this approach the re-
searchers first confirmed previous find-
ings showing that dietary composition is
amajor factor influencing the composition
of the microbiota, an effect already
observed 24 hr after having changed theCell Metabolism 22,diet (David et al., 2014). However, the
model is dealing with a unique dietary
composition, and recent data suggest
that fatty acid composition in the diet
may also be a key determinant for micro-
biota composition and thereby may jeop-
ardize the conclusions (Caesar et al.,
2015). But while the model is very specific
with a limited number of microbes, the
impact of the diet remained present
(Figure 1).
The authors showed that the stability of
the community was differentially affected
during repeated shifts of diets. For
example, while the overall 15-member
community was stable during the shift
of diets, a specific mutant library of
B. cellulosilyticus did not converge to the
same state as in monotonously fed mice
(mice fed the same diet during the study),
and rather looked as a reconfigured pop-
ulation. Thus, the diet certainly explains
one part of the shift, but the interaction
between diet, treatment, and time was
much pronounced. In other words,
B. cellulosilyticus was affected by the
diet, but during the recovery phase
(switching from HF/HS to LF/HPP) the
B. cellulosilyticus mutant library moved
toward a state comparable but not equal
to that observed in mice kept on the
monotonous diet.
Using genomic tools, they identified
genes conferring to the mutant strains
an adaptation to the gut environment
and the type of diet, which led to the
determination of a fitness index for
each strain. They identified 550 B. cellu-
losilyticus genes as HF/HS diet-specific
fitness determinants, and some of
these fitness genes were even more
determinant after diet switch than during
HF/HS monotonous diet. Notably, they
also found important differences in
fitness determinants in the two strains
of B. thetaiotaomicron, leading to spe-
cific dietary niches, with one strain
emerging when mice were consuming
HF/HS diet.
They next investigated whether a die-
tary supplement (arabynoxylan purified
from wheat) can specifically manipulate
abundance of B. cellulosilyticus, a strain
particularly well equipped to digest
glycan, compared to other Bacteroides
genomes. They found that the expression
of specific polysaccharide utilization
loci was a fitness determinant for
B. cellulosilyticus on HF/HS diet but notNovember 3, 2015 ª2015 Elsevier Inc. 755
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Previewsfor B. ovatus. In addition, the simplified
microbiota consortium responded to
arabynoxylan treatment in favor of
B. cellulosilyticus. But is this a direct
consequence of the dietary changes? Or
is this rather resulting of the interaction
of B. cellulosilyticus with other microbes
in the community? It is worth noting that
when the concept of prebiotics was pub-
lished in 1995, and recently revised (Bind-
els et al., 2015), it was claimed that non-
digestible carbohydrates were mainly
affecting Bifidobacterium spp. because
this genus harbored the genetic machin-
ery conferring a strong advantage,
compared to other bacteria, to digest
for instance inulin-type fructans. Until
recently, the overall beneficial effects of
prebiotics such as fructans were often
attributed to Bifidobacterium spp.; how-
ever, metagenomic tools have helped un-
cover numerous other taxa that are
increased upon ingestion of such prebi-
otics (Everard et al., 2011, 2014). Among
the bacteria strongly increased by the
treatment, the species most affected
was Akkermansia muciniphila. Strikingly,
these bacteria does not express the ge-
netic machinery to utilize fructans and
therefore cannot use these carbohydrates
as energy source (Everard et al., 2013),
highlighting the role of potential cross-756 Cell Metabolism 22, November 3, 2015 ªfeeding between microbes, but also spe-
cific impact of host factors (Ze et al.,
2013).
In conclusion, this study highlights
novel areas of research and provides an
interesting tool that can be also used in
more complex systems such as mice
with specific deletion of genes involved
in host metabolism and/or immunity.
However, given the complexity of the
microbial community itself, and more
importantly the vast number of putative
combinations of interactions existing
between microbes, diet/nutrients, host
organ metabolism, immunity, and xenobi-
otics (Holmes et al., 2012), it is premature
to predict the development of therapeutic
interventions based on this approach in
the very near future.ACKNOWLEDGMENTS
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